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Transesophageal echocardiography was used prospectively in 22 
children scheduled for interventional cardiac catheterization (9 
with pulmonary valvuloplasty, 5 with aortic valvuloplasty, 1 with 
pulmonary angioplasty, 2 with aortic angioplasty, 2 with patent 
ductus arteriosus occlusion and 3 with Mustard baftle dilation) to 
determine its potential value as a monitoring technique. The 
patients ranged in age from 0.9 to 14.6 years (mean 5.4) and in 
weight from 9.5 to 49.2 kg (mean 21.1). 
Studies were completed in all patients without complications. 
Preintervention studies provided important new information in 
two patients, leading to cancellation of the planned procedure. 
Major contributions of transesophageal monitoring included 1) a 
real time assessment of catheter placement across either atrioven-
tricular valve and the aortic valve during balloon valvuloplasty; 2) 
immediate assessment of aortic valve and aortic wall morphology 
during balloon dilation; and 3) detailed morphologic and hemo-
Over the past decade, interventional cardiac catheterization 
has become an important new therapeutic approach to the 
treatment of congenital heart disease in childhood (1-3). 
Balloon dilation has become the treatment of choice for 
pulmonary valve stenosis (4-6) and recoarctation of the 
aorta (7-9). In selected cases, umbrella closure of a patent 
ductus arteriosus has become an alternative to surgical 
closure (10,11). Clamshell occlusion of atrial or ventricular 
septal defects has been effected (12, 13) and is at present the 
subject of growing interest. 
The monitoring of such interventional cardiac catheter-
ization procedures is at present performed by a combination 
of radiographic screening to monitor balloon or device 
placement with angiocardiography and pressure recordings 
to evaluate the immediate results of the procedure. How-
ever, these techniques frequently prove suboptimal. Intra-
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dynamic information together with enhanced catheter guidance 
during Mustard baffle dilation. 
After pulmonary valvuloplasty, partial chordal rupture of the 
tricuspid valve was documented in one patient. In two patients, 
balloon catheter position was modified according to the transe-
sophageal findings. The assessment of changes in pulmonary valve 
morphology and transcatheter occlusion of a patent ductus arte-
riosus was not enhanced by single-plane transesophageal monitor-
ing. Pulsed wave Doppler studies contributed additional informa-
tion in the assessment of immediate hemodynamic changes after 
interventional procedures. 
Transesophageal echocardiography is a new important guiding 
and monitoring technique during interventional cardiac catheter-
ization procedures in children. It can provide additional real time 
imaging information, immediate identification of complications 
and assessment of hemodynamic changes. 
(JAm Coli Cardioll991;18:1506-14) 
cardiac morphology, including the acute changes in vessel 
wall morphology and valve leaflet structure, is not well 
demonstrated radiographically. Repeat angiography is often 
impractical during the procedure. Precordial ultrasound 
studies have been used to monitor a variety of cardiac 
interventions, including the Rashkind balloon atrial sep-
tostomy (14). However, such studies may be cumbersome 
and interfere with the procedure. 
Since the introduction of single-plane transesophageal 
echocardiography into pediatric cardiology 2 years ago (15-
17), it has rapidly gained acceptance as a diagnostic tech-
nique in the primary diagnosis of congenital heart disease 
(18, 19) and a perioperative monitoring technique (20,21) and 
is useful in the postsurgical follow-up period (22,23). Poten-
tially, when used during interventional cardiac catheteriza-
tion, transesophageal echocardiography would allow for a 
continuous assessment of cardiac morphology and function 
and thus might be expected to be a valuable on-line moni-
toring technique. However, to date, no study has addressed 
the question of whether or where transesophageal echocar-
diographic studies might be helpful in monitoring and guid-
ance over the wide range of interventional procedures cur-
rently used in pediatric cardiology. 
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Table 1. Patient Data, Diagnosis and Procedures in 22 Cases 
Case Age Weight 
No. (yr) (kg) Diagnosis Procedure Planned 
I 3.6 13.1 Aortic stenosis Balloon aortic valvuloplasty 
2 0.9 9.5 Pulmonary stenosis Balloon pulmonary valvuloplasty 
3 12.7 49.2 Recoarctation Balloon angioplasty 
4 2 13.8 Pulmonary stenosis Balloon pulmonary valvuloplasty 
5 2 11.5 Patent ductus arteriosus Ductus occlusion 
6 4.2 20.6 Patent ductus arteriosus Ductus occlusion 
7 1.5 11.2 Pulmonary stenosis Balloon pulmonary valvuloplasty 
8 3.9 14.8 Pulmonary stenosis Balloon pulmonary valvuloplasty 
9 14.6 48.4 Aortic stenosis Balloon aortic valvuloplasty 
10 4.7 16.8 Pulmonary stenosis Balloon pulmonary valvuloplasty 
II 12.4 43.8 Mustard baffle obstruction Balloon dilation 
12 4.3 16.2 Mustard baffle obstruction Balloon dilation 
13 9.1 27 Recoarctation Balloon angioplasty 
14 12 38.4 Aortic stenosis Balloon aortic valvuloplasty 
15 7.7 24.4 Aortic stenosis Balloon aortic valvuloplasty 
16 1.9 13.6 Pulmonary stenosis Balloon pulmonary valvuloplasty 
17 5.3 18.2 Left pulmonary artery stenosis Balloon pulmonary angioplasty 
18 2.4 12.8 Aortic stenosis Balloon aortic valvuloplasty 
19 4.6 16.8 Pulmonary stenosis Balloon pulmonary valvuloplasty 
20 1.5 13 Pulmonary stenosis Balloon pulmonary valvuloplasty 
21 1.7 13.1 Pulmonary stenosis Balloon pulmonary valvuloplasty 
22 5.2 18.7 Mustard baffle obstruction Balloon dilation 
Methods 
Study patients. To determine the value of transesoph-
ageal echocardiography in the monitoring and guidance of 
interventional cardiac catheterization in the pediatric age 
group, 22 children were studied prospectively. Hospital 
ethical approval was obtained before the study and informed 
parental consent was obtained before individual studies were 
performed. 
Patient age at investigation ranged from 0.9 to 14.6 years 
(mean 5.4) and weight from 9.5 to 49.2 kg (mean 21.1). Nine 
children were scheduled for pulmonary valvuloplasty, five 
for aortic valvuloplasty, one for pulmonary angioplasty, two 
for aortic angioplasty for recoarctation, two for patent 
ductus arteriosus occlusion and three for balloon dilation of 
systemic venous pathway obstruction after a Mustard pro-
cedure (Table 1). 
Transesophageal echocardiographic studies. The studies 
were performed in all children with use of a prototype 
single-plane pediatric transesophageal probe (Department of 
Experimental Echocardiography, Thorax center, Rotterdam) 
interfaced to either a Hewlett-Packard Sonos 1000 or 
Toshiba SSH 160 A ultrasound system. The maximal shaft 
diameter of the probe measured 7 mm and maximal trans-
ducer dimensions were 5 x 10 mm. Steering facilities were 
restricted to anterior and posterior angulation only. The 
transesophageal probe allowed for 5-MHz, 48-element trans-
verse-axis cross-sectional imaging, color flow mapping and 
pulsed wave Doppler sampling. The monitor of the ultra-
sound machine was positioned so as to provide an additional 
on-line monitor for the person performing the catheterization 
procedure. Each study was recorded in its entirety onto 
videotape and was analyzed both on-line and later off-line; 
photographs were taken from still frames. 
All studies were performed with the child under general 
anesthesia and with endotracheal intubation. Antibiotic pro-
phylaxis was not given in any patient in accordance with our 
general policy. The technique of probe insertion and the 
standard study protocol for the assessment of intracardiac 
morphology and function in congenital heart disease fol-
lowed the guidelines previously described in our work (17). 
Particular attention was paid to demonstrating fully the 
morphology of any obstructive lesion and to evaluating the 
related hemodynamic changes with color flow mapping 
techniques. Studies were completed by selective pulsed 
wave Doppler sampling of atrioventricular (A V) valve flow 
patterns, pulmonary venous flow patterns and the interroga-
tion of other relevant areas of interest. The sample volume 
was placed within the pulmonary veins or at the level of the 
tips of the A V valve leaflets. Recordings were made at paper 
speeds of 50 or 100 mm/s during held inspiration. 
This initial part of the transesophageal investigation was 
completed while the operator was introducing the diagnostic 
catheters. The transesophageal findings were discussed and 
a repeat scan was used to demonstrate in detail any unsus-
pected finding. Thereafter, the transesophageal probe was 
withdrawn to a high esophageal position until the initial 
diagnostic hemodynamic and angiocardiographic study was 
completed. In all but the initial cases, the transesophageal 
study was then recommenced while the guide wire and 
interventional catheter were positioned. Their intracardiac 
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course and position were documented by imaging in the 
standard transesophageal views (24,25). This part of the 
studies focused on defining the catheter position with respect 
to the A V valves and their subvalvular apparatus or docu-
menting the catheter course and position within the Mustard 
baffle pathways (22). When optimal positioning of the inter-
ventional catheter was achieved, combined imaging and 
color flow mapping studies were carried out during the entire 
procedure in an attempt to assess any morphologic and 
hemodynamic changes. 
After termination of the interventional procedure, a final 
transesophageal study, which included cross-sectional imag-
ing, color flow mapping and pulsed wave Doppler interroga-
tion, was performed. Transgastric short-axis scans and 
M-mode recordings were used to assess ventricular function 
and detect regional wall motion abnormalities immediately 
after the procedure. The probe was then removed before the 
final catheterization and angiocardiographic study. 
Results 
Preintervention Studies 
Transesophageal studies carried out before the interven-
tional procedures documented a previously undetected mod-
erate secundum type atrial septal defect in one patient 
(Case 8) who was scheduled for pulmonary valvuloplasty. 
Although the atrial septal defect was partially covered by a 
redundant tissue flap of the fossa ovalis, an unrestrictive left 
to right shunt was documented on both color flow mapping 
and pulsed wave Doppler interrogation. Subsequent oximet-
ric measurements determined a Qp/Qs ratio of2.3:1. Pulmo-
nary valvuloplasty was thus canceled and surgical correction 
was planned. 
In a second patient with aortic stenosis (Patient 14), 
whose precordial study had defined mild aortic regurgita-
tion, the transesophageal study detected moderate regurgi-
tation. The morphologic correlate was defined as partial 
prolapse of the right coronary leaflet of the aortic valve. 
After angiocardiographic confirmation of the severity of 
aortic regurgitation, aortic valvuloplasty was canceled and 
the patient was scheduled for pulmonary autograft replace-
ment. 
In all three patients with systemic pathway obstruction 
after a Mustard procedure (Cases 11, 12 and 22), the 
transesophageal study clearly defined the site, extent and 
morphology of the obstruction. These features could not be 
appreciated in such detail by either the prior precordial 
ultrasound study or the concomitant angiocardiographic 
study. Angiography was particularly limited in defining the 
length and minimal diameter of the obstruction. Transesoph-
ageal pulsed wave Doppler assessment of the flow patterns 
across these narrowings revealed continuous turbulent flow 
patterns, which did not reach baseline values throughout the 
cardiac cycle. However, because of malalignment to flow 
across these lesions, the technique failed to predict precisely 
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the catheter-determined pressure gradient. Additional small 
baffle leaks were defined by transesophageal color flow 
mapping studies in two of these patients. 
Pulmonary valve morphology could not be adequately 
demonstrated by transverse-axis transesophageal imaging in 
any of the nine patients who were scheduled for pulmonary 
valvuloplasty. In contrast, abnormal aortic valve morphol-
ogy was documented in great detail in all five patients 
scheduled for aortic valvuloplasty. Fusion of the aortic valve 
commissures could be accurately defined and the presence 
and exact origin of aortic regurgitation (two patients) were 
readily identified. In one patient with left pulmonary artery 
stenosis (Case 17), the interposition of the left main bron-
chus between the esophagus and the lesion precluded the 
reliable assessment of the morphology of the obstruction. 
The morphology of a patent ductus arteriosus could not be 
defined in two patients (Cases 5 and 6). In two patients, both 
scheduled for angioplasty for aortic recoarctation, single-
plane transesophageal studies were inadequate in defining 
the extent of the recoarctation and its relation to the left 
subclavian artery. However, the presence of intimal changes 
or aneurysm could be excluded reliably by transesophageal 
cross-sectional imaging before the procedure. 
Interventional Studies 
Pulmonary valvuloplasty. In one (Case 4) of the eight 
patients who underwent pulmonary valvuloplasty, moderate 
tricuspid regurgitation was documented immediately after 
successful dilation. Cross-sectional transesophageal imaging 
defined partial chordal rupture of the anterior tricuspid valve 
leaflet with prolapse into the right atrium as the underlying 
cause (Fig. l). Tricuspid regurgitation was confirmed at 
subsequent angiography and mild regurgitation persisted 
during the early follow-up period. Guide wire and catheter 
placement had not been monitored by transesophageal im-
aging in this patient early in the series because we were 
unaware of the need to monitor positioning relative to the 
AV valves and their subvalvular apparatus. After this case, 
the study protocol was changed accordingly. In a later 
patient (Case 10), the balloon was demonstrated to be 
localized within the tricuspid valve apparatus immediately 
before inflation. Subsequently, the catheter was advanced 
further until its position was documented to be well beyond 
the tricuspid valve apparatus. Postvalvuloplasty transesoph-
ageal studies excluded tricuspid regurgitation in this and the 
remaining six patients. Any immediate change in either 
pulmonary valve morphology, residual valvular or subval-
vular gradient or pulmonary incompetence could not be 
determined by single-plane transesophageal studies. 
Aortic valvuloplasty. The transesophageally determined 
diameter of the aortic root correlated well with the angio-
graphically derived measurement in all four patients who 
underwent the procedure (maximal difference in measure-
ments ± 4%). Fusion of aortic valve commissures and the 
immediate changes in valve morphology after dilation could 
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Figure 1. Case 4. A, Transesophageal study after balloon pulmonary 
valvuloplasty, demonstrating partial chordal rupture of the anterior 
leaflet of the tricuspid valve (arrow) with prolapse into the right 
atrium (RA). B, The color flow mapping study reveals a moderate 
tricuspid valve regurgitant jet adherent to the atrial septum. RV = 
right ventricle. 
be assessed in detail. In all four patients, there was opening 
of at least one commissure noted with marked improvement 
of leaflet motility as assessed by real time imaging and 
M-mode studies. Partial or complete prolapse of an aortic 
valve leaflet could be excluded in all patients immediately 
after each balloon inflation. Color flow mapping studies of 
the left ventricular outflow tract and aortic valve performed 
after each balloon inflation defined trivial aortic regurgitation 
in two patients (Fig. 2) and mild (central) aortic regurgitation 
in a third patient. Guide wire and balloon placement had 
been monitored before the procedure in three of these four 
patients. Documentation of positioning of the guide wire 
within the chordal apparatus of the mitral valve in one of 
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Figure 2. Case 15. Transesophageal color flow map (top) and color 
M-mode study (bottom) in the immediate evaluation of balloon 
aortic valvuloplasty. From a high esophageal position, the left 
ventricular outflow tract (L VOT) is visualized anterior to the left 
atrium (LA). TheM-mode line is positioned at the level of the aortic 
valve. The absence of systolic turbulence across the aortic valve 
indicates successful gradient relief. Trivial central aortic regurgita-
tion is noted during diastole. 
these patients (Case 9) led to subsequent guide wire reposi-
tioning guided by real time transesophageal imaging. 
Pulmonary angioplasty. In one patient with left pulmo-
nary artery stenosis (Case 17), the interposition of the left 
main bronchus between the esophagus and this structure 
precluded adequate visualization of the stenosis. However, a 
distal segment of the left pulmonary artery could be visual-
ized anterior to the descending aorta and turbulent flow was 
noted. After the procedure, color flow mapping studies 
within the distal left pulmonary artery demonstrated laminar 
flow patterns and pulsed wave Doppler sampling excluded 
increased flow velocities. 
Aortic angioplasty. The extent of aortic recoarctation (in 
two patients) was difficult to assess by transverse-axis 
transesophageal imaging. Only the use of continuous 
M-mode interrogation of the lumen diameter while slowly 
withdrawing the probe allowed a rough estimation of the 
extent of the narrowed segment. However, the minimal 
cross-sectional diameter of the coarctation was accurately 
assessed and the intimal layers could be visualized in detail. 
A localized intimal dissection or aneurysm formation imme-
diately after angioplasty was excluded in both patients. The 
perpendicular orientation of the descending aorta and the 
transesophageal ultrasound beam precluded any meaningful 
pulsed wave Doppler interrogation. 
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Figure 3. Case 12. Transesophageal cross-sectional imaging of a 
severe obstruction in the superior limb of the systemic pathway after 
a Mustard procedure and before attempted balloon dilation. The 
obstructive lesion (*) is heavily calcified, leaving only a pinhole 
opening of l-mm diameter(>). PYA= pulmonary venous atrium; 
SUP SV A = superior limb systemic venous atrium; SVC = superior 
vena cava; other abbreviation as in Figure 2. 
Ductus occlusion. Transesophageal studies during tran-
scatheter occlusion of a patent ductus arteriosus in two 
patients failed to provide useful information on the exact 
position of the occluder device. However, protrusion of the 
distal legs into the lumen of the descending aorta could be 
excluded on cross-sectional imaging and color flow mapping 
of the descending aorta allowed us to exclude turbulent flow 
patterns. Pulsed wave Doppler and color flow mapping 
studies of the flow patterns within the pulmonary trunk 
defined a minuscule residual shunt immediately after the 
procedure. The finding was confirmed in both patients by a 
final aortogram. In one patient (Case 6), residual shunting 
ceased after 10 min. 
Mustard baffle dilation. In one (Case II) of the three 
patients studied, the transesophageal cross-sectional imag-
ing and color flow mapping study defined complete occlusion 
of the superior limb of the systemic venous pathway. No 
anterograde flow was recorded by pulsed wave Doppler 
interrogation just distal to the occlusion. Numerous attempts 
to cross this lesion from the femoral vein with a guide wire 
were unsuccessful. In the second patient (Case 12), a pinhole 
opening in a heavily calcified obstruction at the level of the 
remnant of the atrial septum was documented (Fig. 3). 
Despite transesophageal demonstration of the entire supe-
rior limb of the systemic venous atrium and real time 
monitoring of catheter manipulations, the transfemoral ad-
vancement of the guide wire remained unsuccessful. In the 
third patient (Case 22), the lesion was documented to be a 
long concentric narrowing with a good-sized opening 
(4 mm). On color flow mapping and pulsed wave Doppler 
studies, continuous turbulent flow was recorded across this 
obstruction. Guide wire and catheter placement across the 
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stenosis was enhanced by transesophageal real time imaging 
of the catheter tip relative to the site of communication. 
After balloon dilation of the obstruction in this patient, the 
maximal diameter of the narrowing was increased to 10 mm. 
Pulsed Doppler assessment of the flow patterns across the 
narrowing revealed a persistent mild increase in maximal 
forward flow velocity (1.6 m/s) and demonstrated a return to 
a typical biphasic flow pattern that reached baseline values 
during the cardiac cycle and thus suggested successful 
gradient relief. In addition, any newly acquired baffle leak-
age was excluded by color flow mapping studies. The 
findings were subsequently confirmed by the final catheter-
ization and angiographic study. 
Pulsed wave Doppler studies. Flow patterns within the 
pulmonary veins and across the A V valves were assessed in 
all patients before and after the interventional procedure to 
detect any immediate changes in these flow profiles. After 
pulmonary valvuloplasty, a marked increase in systolic 
forward flow components of the pulmonary venous return 
was documented in five of the eight patients (Fig. 4), 
whereas the flow patterns across either A V valve remained 
unchanged. There was no correlation between these changes 
and the pre- and postdilation gradients nor with the patients' 
age. No immediate changes in pulmonary venous and mitral 
valve flow patterns were noted after aortic valvuloplasty 
(Fig. 5), aortic angioplasty and ductus occlusion. In the 
patient who underwent pulmonary angioplasty, pulmonary 
venous flow patterns of the left lung compared with the right 
lung were markedly reduced before dilation. After success-
ful dilation, flow patterns of pulmonary venous return in 
both lungs became almost identical. During balloon inflation 
with complete occlusion of the pulmonary artery, only to 
and fro flow patterns within the left pulmonary veins were 
demonstrated. 
Discussion 
Transesophageal echocardiography using dedicated pedi-
atric probes is a safe diagnostic and monitoring technique in 
children weighing > 3 kg (15-17). To date, 268 studies have 
been carried out at our institutions and complications were 
encountered in only 4 (arrhythmias in 2, bleeding in 1 and 
pulmonary hypertensive crisis in 1). No death occurred. 
General anesthesia together with endotracheal intubation is 
considered to be the optimal anesthetic technique for such 
studies, although these can be performed under heavy seda-
tion. In the reported subset of patients undergoing interven-
tional cardiac catheterization, no complications were en-
countered. The interventional procedure time was not 
prolonged and sterility was not endangered by these studies. 
Early during the series, the presence of the transesoph-
ageal probe was believed to interfere with the routine 
radiographic monitoring and frequently had to be removed to 
a high esophageal position. However, with growing operator 
familiarity with the standard transesophageal imaging 
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Figure 4. Case 7. Transesophageal 
pulsed wave Doppler interrogation of 
pulmonary venous flow profiles before 
(top) and after (bottom) pulmonary bal-
loon valvuloplasty. Before the procedure 
(pre), the systolic forward flow compo-
nent is decreased. After successful gra-
dient relief (post), the systolic flow com-
ponent increased markedly, whereas the 
diastolic flow component remained rela-
tively unchanged. LUPV = left upper 
pulmonary vein; RUPV = right upper 
pulmonary vein. 
planes, the real time imaging information provided by the 
technique often was used specifically to monitor guide wire 
and balloon catheter placement. Thus, later in the series, 
studies no longer were believed to interfere with the proce-
dure, but were considered to constitute an important addi-
tion to routine monitoring. 
Preintervention studies. These provided a detailed as-
sessment of cardiac morphology and function immediately 
before the procedure. In this series, the information obtained 
led to cancellation of the procedure in two patients. In 
another patient, who had systemic venous pathway obstruc-
tion after a Mustard procedure, the finding of complete 
occlusion of the superior limb of the baffie could have led to 
early cancellation. In the remaining two patients with baffie 
obstruction, the transesophageal imaging studies provided 
additional morphologic insights into the obstructive lesions 
and were believed to enhance greatly the catheter place-
ment. 
Monitoring of guide wire and catheter positioning during 
balloon valvuloplasty and ductus occlusion. This was found 
to be one of the major contributions of the technique. 
Although in pulmonary and aortic valvuloplasty the balloon 
catheter is inflated only after adequate positioning is as-
sessed by fluoroscopy, the risk of entrapment within the 
valvular or subvalvular apparatus of the A V valves cannot 
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be excluded completely. This is especially important in 
neonates and infants because of relatively longer balloon 
length versus chamber dimensions. In the one patient in 
whom tricuspid regurgitation was identified after pulmonary 
valvuloplasty, a stiff backup guide wire was used for balloon 
catheter placement. Tricuspid valve chordae tendineae were 
presumably partially sheared off. After this instance, transe-
sophageal studies were specifically used to monitor guide 
wire as well as balloon position across the A V valves in all 
patients. Visualization could be achieved in great detail in all 
and the findings initiated catheter repositioning guided by 
transesophageal imaging in two patients. 
Evaluation of immediate morphologic changes. After the 
interventional procedures in our series of patients, the 
transesophageal studies were of benefit in assessing aortic 
valve morphology (commissures and cusps), descending 
aortic wall morphology (lumen diameter and intimal integ-
rity) and systemic pathway obstruction after the Mustard 
procedure (overall dimensions). However, no useful infor-
mation on either pulmonary valve morphology or umbrella 
position within an arterial ductus was obtained by single-
plane transesophageal imaging. The failure to adequately 
visualize the arterial ductus can be explained by interposi-
tion of the bronchial tree between this structure and the 
esophagus. After unsuccessful studies in two patients under-
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Figure 5. Case 9. Transesophageal pulsed wave Doppler interroga-
tion of pulmonary venous flow profiles before (top) and after 
(bottom) aortic balloon valvuloplasty. The pulmonary venous flow 
patterns within the left upper pulmonary vein (LUPV) remained 
essentially unchanged despite successful gradient relief. Abbrevia-
tions as in Figure 4. 
going transfemoral ductus occlusion, no more patients un-
derwent the study. Transgastric short-axis imaging and 
M-mode studies allowed for the monitoring of left ventricu-
lar function during the procedure and recovery period. In 
addition they made it possible to exclude left ventricular 
regional wall motion abnormalities, a capability that was 
especially important after aortic valvuloplasty. 
Assessment of hemodynamic changes immediately after 
interventional procedures. Such assessment was found to be 
limited. Color flow mapping studies together with color 
M-mode recordings provided a rough indicator of residual 
obstructions, particularly after aortic valvuloplasty. How-
ever, residual gradients across either arterial valve could not 
be assessed because of the generally poor alignment of the 
Doppler beam with these flow patterns and the availability of 
pulsed wave Doppler facilities only. Similar limitations were 
encountered in the assessment of descending aortic flow 
patterns. In contrast, the assessment of flow patterns within 
the systemic venous pathways in patients with a Mustard 
procedure contributed unique additional information. After 
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successful dilation, the continuous turbulent flow pattern 
across the obstruction became biphasic and reached baseline 
values during the cardiac cycle. 
Exclusion of immediate complications. This was found to 
be an important advantage of transesophageal monitoring 
during interventional catheterization. The technique pro-
vided continuous morphologic and hemodynamic informa-
tion without interfering with the procedure. The immediate 
exclusion of aortic regurgitation after each balloon inflation 
for dilation of the aortic valve proved to be of major value in 
this series of patients. Second or third balloon inflations 
were performed with much greater confidence than when 
they had been performed without real time transesophageal 
monitoring. After Mustard baffle dilations, the technique 
allowed for the immediate exclusion of baffle disruption or 
leakage. The sensitivity of transesophageal color flow map-
ping studies in the detection of these lesions is such that the 
technique may eventually obviate final angiographic studies. 
In addition, the majority of other potential complications 
that may occur during the various procedures should be 
immediately and reliably identifiable by continuous transe-
sophageal monitoring. 
Pulsed wave Doppler studies of A V and pulmonary venous 
flow patterns. These revealed several interesting insights 
into the immediate changes after various interventional 
procedures. After aortic valvuloplasty, no immediate 
changes in these flow patterns were observed. These obser-
vations are in agreement with the finding by Stoddard et al. 
(26), who excluded an immediate change in left ventricular 
function on the basis of unchanged mitral valve flow patterns 
after aortic valvuloplasty. Similar observations on pulmo-
nary vein and A V valve flow patterns were made in the two 
patients who underwent successful angioplasty for recoarc-
tation and in two patients after ductus occlusion. In contrast, 
in five of the eight patients who underwent successful 
pulmonary valvuloplasty, marked changes in pulmonary 
venous flow patterns were noted immediately after the 
procedure. In all five patients, the systolic component of 
pulmonary venous forward flow was found to be largely 
increased after gradient relief. 
Systolic forward flow is caused by both atrial relaxation 
and descent of the mitral valve anulus during ventricular 
systole (27). Improved atrial relaxation is unlikely to be the 
underlying cause of these observations, thus suggesting an 
immediate change in left ventricular systolic geometry and 
function after pulmonary valvuloplasty. There was no sig-
nificant difference in the changes in cardiac output between 
the subset of patients who had a change in pulmonary 
venous flow patterns and those who did not. The diastolic 
flow component of pulmonary venous return and the A V 
valve flow patterns remained unchanged, suggesting that 
there are no immediate changes in diastolic right and left 
ventricular function after successful pulmonary valvulo-
plasty. Unchanged diastolic right ventricular function after 
pulmonary valvuloplasty was recently reported by Vermil-
ion et al. (28). More detailed studies to further elucidate 
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these phenomena are currently under way. During pulmo-
nary angioplasty, the comparison of pulmonary venous flow 
patterns in either lung may be useful in assessing the 
immediate result of relief of the obstruction. 
Limitations of single-plane transesophageal monitoring. 
These include the poor demonstration of the right ventricular 
outflow tract, the pulmonary valve, the precise morphology 
of aortic coarctation and the anatomy of a patent ductus 
arteriosus. It may be anticipated that several of these limi-
tations may be overcome by the time biplane-transesoph-
ageal imaging (29) becomes available for study in children. 
The additional longitudinal-axis images that are obtained 
allow for an improved assessment of these cardiac structures 
and facilitate Doppler interrogation (30). In addition, the 
adjunct of continuous wave Doppler facilities may provide 
much improved insight into the immediate hemodynamic 
changes such as residual valvular gradients. 
Further applications. Transesophageal real time monitor-
ing of interventional cardiac catheterization should have a 
major impact on several other procedures. Monitoring of 
balloon septostomy appears to be particularly rewarding in 
patients with juxtaposition of the atrial appendages. Simi-
larly, blade septostomy procedures are believed to be greatly 
enhanced by such monitoring. The monitoring of balloon 
dilation of pulmonary venous obstructions would allow 
continuous assessment of morphologic and hemodynamic 
alterations. In addition, the monitoring of coil embolizations 
of coronary artery fistulas may be beneficial. The impact of 
transesophageal monitoring of transcatheter closure of atrial 
septal defects was recently described by Hellenbrandt et a!. 
(31) and it appears that the technique may become a prereq-
uisite for a high success rate. The monitoring of ventricular 
septal defect closure is currently under evaluation at several 
institutions. 
Conclusions. Transesophageal echocardiographic moni-
toring of interventional cardiac catheterization in children is 
a safe technique that does not interfere with the procedure. 
It provides additional important morphologic information on 
a wide spectrum of lesions, the immediate identification or 
exclusion of potential complications and the assessment of 
hemodynamic changes. It may be expected that in the near 
future, the technique may become an integral part of pedi-
atric cardiac interventions. 
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